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ing the amount of power fed into 

the system and the amount of pow-

er consumed. 

A large LCD screen measuring eight 

metres by three metres supplies the 

engineers with the up-to-date infor-

mation they require. Every change 

in the system is displayed on an 

oversized map of Baden-Württem-

berg. When looked at in this way, 

the southern tip of Germany is made 

up of green and red lines which 

symbolise the high-voltage lines. 

Green represents the 220 kilovolt 

lines and red represents the 380 kilo-

volt lines. Circles in between sym-

bolise the transformer stations. 

 Different colours, shapes and sym-

bols represent individual operating 

states within the grid. 
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At 7 a.m. in the morning, the world 

is no longer such an easy place for 

Bernd Theurer and Alexander Wil-

helm. Looking at the data which the 

system in the main nerve centre of 

EnBW Transportnetze AG (TNG) in 

Wendlingen spews out, the engi-

neers can see that Baden-Württem-

berg is waking up. They can follow 

the welcome light which the lamps 

above people’s kitchen tables are 

delivering and the washing and 

cleaning taking place in bathrooms. 

They can track how IT systems are 

booted up and machines are run up 

to speed. It is peak load time and 

it is the time of day which requires 

a great deal of concentration from 

Bernd Theurer and Alexander 

 Wilhelm. Their role is to maintain 

the delicate equilibrium in balanc-

Grids are the lifelines of our world. They link  rivers to 

ports, and railway tracks to railway stations. Every 

form of communication is based on grids or networks. 

Nothing highlights this in a more effective way than 

the World Wide Web, which today is an essential part 

of a globalised world. Less in the public eye are the 

power grids which exist and yet they play a key role 

in  shaping social change and creating wealth. 

Europe’s electricity hub 

Baden Württemberg plays a key 

role in the transportation of electric-

ity. Because of its geographical 

position within Germany there exist 

close transport-connections to 

France, Switzerland and Austria. 

However, when you examine the 

situation in detail, the whole of 

 Germany is effectively Europe’s 

electricity hub. No other country 

has more neighbors. This makes 

the Federal Republic of Germany 

the key transit route when it comes 

to the exchange of electricity. 

1.8 million kilometers of power 

lines and 550,000 transformers 

crisscross the country. 
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A tightly meshed transport grid zigzags Europe.
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35,000 kilometres of these power 

lines transport the electricity 

nationwide in the maximum-voltage 

range of between 220 and 380 kilo-

volts. Through the regional and 

local distribution grids, this electric-

ity ultimately reaches consumers in 

the high-voltage, medium-voltage 

and low-voltage range.

“Today we are running the grid 

often at its physical and technical 

limit”, states Klaus-Wolfgang Tapp. 

The electrical engineer is respon-

sible for network safety at TNG. 

He spent eight years working at 

the company’s main control centre. 

He knows what he is talking about. 
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The grid load changes over the day.
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“Today we have power 
lines running over thou-
sands of kilo metres for 
which the established 
structures of our grids 
are not designed.”

 Klaus-Wolfgang Tapp, 
 EnBW Transportnetze AG

REPORT

“Today we have to intervene in the 

processes taking place on a much 

more frequent basis.” In Klaus-Wolf-

gang Tapp’s opinion, two develop-

ments have had a lasting impact 

on this situation: the liberalisation 

of the electricity market and the 

increasing supply of renewable 

energies. 

Territorial monopolies fall

In the mid-1990s, the liberalisation 

of the electricity market was only 

being talked about in an abstract 

sense. In Germany, the utility com-

panies organized the territorial 

monopoly up until 1998, and an 

exchange of electricity took place – 

if at all – mainly between direct 

neighbors. The impetus for liberali-

sation came at an European level 

with the aim of producing a market 

based around competition. The 

first states to follow this approach 

included the Nordic countries,  

a short time later Germany and 

Austria opened up their markets, 

then came the Netherlands, in 2007 

Italy signed up and the liberalization 

standards came into force in Spain 

on 1 July this year. “Today we have 

power lines running over thousands 

of kilometers for which the estab-

lished structures of our grids are 

not designed”, explains Klaus-

 Wolfgang Tapp. 

Expansion of wind energy

The electricity highways are also 

being affected by the feeding in of 

renewable energies which are CO2 

neutral, in particular wind power. 

Spain, one of the main producing 

countries, boasts approximately 

14,000 megawatts of installed wind 

power, and Germany now has 

approximately 24,000 megawatts. 

This benefits the environment. But 

as it is not possible to store wind 

power, the fact that the supply of 

wind constantly changes has 

resulted in an increased need for 

energy-regulation. Another factor in 

Germany is that the south of the 

country, where industry is at its 

strongest, in fact requires the wind 

power which is produced in the 

north. 

Everyday life in the 
nerve centre

Alexander Wilhelm’s view is fixed 

on the large screen in front of him. 

The wind feed-in across Germany 

is 698 megawatts, and 96 mega-

watts are consumed by Baden-

Württemberg, that means in this 

moment wind is on its lowest level. 

The operating states of individual 

power plants are shown in tabular 

form. The engineer is today respon-

sible for control power dispatch 

and intraday trading of wind power. 

He must coordinate the import and 

export schedules of the electricity 

traders. He must also manage the 

exchange of electricity with other 

control zones and monitor frequen-

cy fluctuations within the system. 

The diagram on the large screen 

records target values and actual 

values. This determines how much 

energy needs to be fed in or with-

drawn in order to be able to main-

tain the current frequency of 

50 hertz which applies right across 

Europe. At the moment, everything 

is looking fine, but things can 

quickly change. 
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Pumped storage power plants: 

    Adapted precisely to the power grid

In May 2009, Kopswerk II, the 

world’s most modern pumped stor-

age power plant, was inaugurated 

in the Austrian state of Vorarlberg. 

The operator, Vorarlberger Illwerk 

AG, invested around 400 million 

euros in this project. Kopswerk II is 

an extremely efficient power plant 

which is able to respond to fluctua-

tions in the grid in a matter of 

 seconds. This special adaptability 

is down to the turbine and pump 

arrangement. Instead of the con-

ventional pump turbine, the two 

components were fitted separately 

in all three machine units. The stor-

age pump and turbine can thus 

operate simultaneously. This means 

that all three pump storage units 

are designed for the hydraulic short 

circuit. This involves some of the 

pumped water being processed 

through the turbine. As a result, 

the machine unit is able to pick up 

the precise quantity of power from 

the grid which is currently available 

for storage. 525 megawatts of peak 

energy can be fed into the power 

grid and up to 450 megawatts of 

non-used energy can be picked 

up from this. Pumps, transformers, 

spherical valves and butterfly valves 

were supplied by Voith Hydro. 

The Goldisthal pumped storage 

power plant near Neuhaus/Thur-

ingia was commissioned back in 

02/2003 to 07/2004. With a total 

output capacity of 1,060 mega-

watts, it is one of the largest in 

Europe. As at Kopswerk II, it is also 

possible at Goldisthal to regulate 

the output in pumping mode, albeit 

using a different technique. Of the 

four machine units, two are 

designed for a constant rotational 

speed with a synchronous motor 

generator and two are designed for 

a variable rotational speed with 

twin-fed asynchronous motor gen-

erators. With these machine sets, 

which have a variable rotational 

speed and for which Voith Hydro 
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Kopswerk II in Vorarlberg, Austria.

supplied the hydraulic basics and 

which were used for the first time 

anywhere in Europe in Goldisthal, 

it is also possible to perform output 

regulation for each machine unit 

of approximately 100 megawatts in 

pumping mode. This means that it 

is possible to control exactly how 

much power capacity the pumped 

 storage power plant takes from  

the grid.

The Kopswerk II and Goldisthal 

pumped  storage power plants are 

used primarily to provide regulating 

power in the primary and second-

ary range and also as a minute 

reserve in order to compensate for 

power fluctuations in the grid. �
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Energy as a storage mass

In cases such as these, pumped 

storage power plants are connect-

ed to the grid. They have several 

advantages: First of all, they feature 

very flexible technology, which 

means they can give up and deliver 

energy quickly. During periods of 

low load, electrical energy is taken 

from the grid and used to pump 

water from the lower reservoir to 

the upper reservoir. The water 

stored in the upper reservoir is 

used to generate electrical energy 

during periods of high energy 

demand and this energy is fed into 

the grid. 

For example, the Kops werk II plant, 

which was opened in the Austrian 

state of Vorarlberg in May 2009, 

can deliver 525 megawatts of peak 

energy to the grid. The Goldisthal 

pumped storage power plant near 

Leipzig does in fact boast a total 

output capacity of 1,060 megawatts 

and is thus one of the largest and 

most modern facilities in Europe. 

The more dynamic the electricity 

market becomes, the more impor-

tant large storage facilities will 

become in future. Many develop-

ments are still in their infancy. 

These include the adiabatic com-

pressed-air reservoirs where the 

air flowing out drives the generator 

via a turbine. This system is re-

 ferred to as adiabatic because the 

heat that is produced during the 

storage of the compressed air is 

recovered and the level of efficiency 

increases.

Another aspiration for the future is 

the storage of energy in electric 

vehicles. When a car is connected 

up to the grid, it absorbs some 

of the excess energy and thus 

 intercepts the current spikes. 

This means that the car could be 

charged up at night in order then to 

release the energy again during the 

day, when it is parked for a lengthy 

period of time. This “vehicle-to-

grid” concept forms the basis for 

the idea that lots of small consum-

ers feed in power which is then 

transported away in an upward 

direction. If practiced on a large 

scale, it develops more possibilities 

to integrate renewable energies. 

Establishment of congestion 
management 

However, the current capacity prob-

lems cannot be solved with visions 

alone. “Back in 2004 the situation 

had become so acute that we were 

in fact worried about the security 

of supply,” recalls Klaus-Wolfgang 

Tapp. Together with RWE and 

transmission grid operators from 

the Netherlands, France, Switzer-

land and the Austrian state of 

Vorarlberg, TNG established a coor-

dinated capacity calculation system 

– the German C – as it is known in 

the specialist jargon, because it 

contains the Western borders of 

Germany which are tightly meas-

ured. At the same time an alloca-

tion system of available transmis-

sion capacity was introduced. It 

works on a simple principle: Who-

ever pays the most can transport it. 

Congestion management contains 

capacity calculation and capacity 

allocation. The congestion income 

goes to the transmission grid oper-

ators. They are forced to use it to 

reduce network tariffs and push 

 forward with the further expansion 

of the grid. 
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Origins of the European 

 interconnected power grid

220 or 380 kilovolts? Maybe Hugo Stinnes 

would have opted for the 380 kilovolts 

option. The higher the voltage, the lower 

the energy losses. But a 380 kilovolt line 

voltage was not achievable at the end of the 

19th century. This meant that the cofounder 

of the Rheinisch-Westfälisches Elektrizitäts-

werk (RWE) had to adopt different approach-

es. The Ruhr area, which at the time was 

the industrial centre of Germany, needed 

power. When Vorarlberger Illwerke AG 

was founded in 1924, the largest German 

electricity supplier, RWE, was soon also 

involved. The project was divided up. 

RWE’s brown coal plants delivered the base 

load, and the peak loads were covered by 

Vorarlberg’s storage power plants. This 

constellation resulted in the first 220 kilo-

watt line in the 1920s. It extended for over 

600 kilometers from Vorarlberg to the Ruhr 

area. The era of the European interconnect-

ed power grid had begun. It was only in 

the 1950s that it became technically feasible 

to also transport electricity at voltages of 

380 kilovolts.

Hugo Stinnes
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Europe is moving closer together 

as far as electricity is concerned. 

In December 2008, eleven Euro-

pean transmission grid operators 

from Poland, the Czech Republic, 

Germany, Austria, the Netherlands 

and Switzerland launched an initia-

tive to foster regional European 

cooperation for system security in 

the concerned countries and in 

whole Europe. The involved TSOs 

(Transmission System Operators) 

agreed to start up a “TSO System 

Security Cooperation” with the aim 

to build up a permanent Security 

Panel (group of security experts) 

and a common IT platform for data 

exchange and performing common 

security assessments. TSC’s main 

goal is to ensure the overall system 

security of the European network, 

an area with 170 million citizens, 

and is open to the participation of 

other TSOs.

Fault in Vorarlberg

Back to everyday life in the main 

nerve centre: “There is a lot going 

on today”, says Bernd Theurer in 

commenting on his day at work. 
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Goldisthal, Germany
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Three yellow dots on the large 

screen indicate a current warning in 

the Vorarlberg area. This may result 

in overloads in adjacent power lines 

and in a worst case scenario there 

may be a power failure. The moni-

tors are flashing red. Bernd Theurer 

picks up the telephone. The engi-

neer still has time to run through 

various options for solving the 

problem. His colleague Alexander 

Wilhelm gets involved. Together 

they comb through the flood of 

data coming from the computer. 

Then they breathe a sigh of relief 

because the problem has been 

solved. The yellow dots have dis-

appeared. The situation has calmed 

down and it is time for a change 

of shift. 

Investment in the future

“We are running the grid at its 

physical and technical limit”, said 

Klaus-Wolfgang Tapp initially, “and 

this is despite the fact that meas-

ures have been taken in recent 

years to try to do something about 

this.” More and more of the 220 kilo-

volt power lines are being replaced 

by the more powerful 380 kilovolt 

power lines. But in order to improve 

the security and reliability of the 

grid, 400 kilometres of the maxi-

mum-voltage grid will have to be 

upgraded and 850 kilometres of 

new power lines will have to be 

built throughout Germany by 2015. 
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A global network lights up the dark

Europe

The countries on the European con-

tinent are amalgamated in a coordi-

nated system for energy transmis-

sion, the UCTE (European Union for 

the Coordination of Transmission of 

Electricity). It extends from Portugal 

to Poland and from western Den-

mark down to Greece. The transmis-

sion grid operators EnBW Transport-

netze AG (TNG), RWE Transport-

netz, Vattenfall Europe Transmission 

and transpower stromübertra gung 

(formerly E.ON Netz) are responsi-

ble for ensuring the security and 

reliability of the supply in Germany 

in the four control zones. 

In addition to the Western Europe-

an UCTE, four further coordinated 

systems exist in Europe. Nordel 

supplies Scandinavia, UKTSOA 

supplies Great Britain, ATSOI sup-

plies Ireland and Northern Ireland 

and BALTSO supplies the Baltic 

states. Contact with the European 

mainland is maintained via direct 

current bridges because power 

can only be transmitted using 

alternative current in undersea 

cables over a distance of around 

70 kilometers. 

USA

The power grid in the USA is 

divided into three sections. The 

eastern part supplies around two-

thirds of the United States and 

Canada. The western grid caters 

for the needs of the rest of the 

territory in the two countries, 

with the exception of the state of 

Texas. The power needs of Texas 

are supplied by the grid operator 

ERCOT. As in Europe, the grid 

is also divided up in the USA into 

maximum-voltage, high-voltage, 

medium-voltage and low-voltage 

areas. In 2005, the total installed 

power capacity in the USA and 

Canada was 950 gigawatts, and in 

2008 the amount of power gener-

ated in the USA amounted to 

4 ,187.5 terawatt hours. The main 

source of energy is coal, followed 

by gas and nuclear power. Hydro-

electric power has become estab-

lished in fourth place. Although 

 other renewable energies have 

 displayed slight growth, they still 

play a minor role as a source of 

energy. 

China

In 2003, the power grid in China 

was divided up into the state grid 

and the southern power grid, which 

in turn are divided up into several 

regional power grids. The Southern 

Power Grid Corporation answers 

directly to the  central government. 

Lots of long-distance power lines 

are planned or are already under 

construction. The aim is to create a 

network which extends right across 
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Load distribution

The maximum load in Germany is 80,000 

megawatts. The minimum load is currently 

40,000 megawatts and the installed wind 

power is 23,000 megawatts. By 2020 the 

intention is that it should be around 50,000 

megawatts.
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The dena study conducted by the 

German Energy Agency calculated 

that the cost of this will be 1.1 bil-

lion Euros. But if the plan really is to 

transport energy throughout Europe 

without any problems and to push 

forward with the expansion of 

renewable energies, there will prob-

ably be no alternative to the further 

expansion of the power grid. �

the north of  China, central China 

and over to the east. The project is 

set to be completed by 2020. 

In addition, 15 ultra-high-voltage 

power lines with a capacity of 800 

kilovolts are envisaged. In 2005, the 

installed power capacity in China 

was 442 gigawatts, and the amount 

of power generated was 2,900 tera-

watt hours. The  biggest source of 

energy is coal, with hydroelectric 

power in second place. 

India 

Today around 80 percent of the 

population have access to electric-

ity. However, power outages are 

common. The government’s  stated 

aim is therefore to increase the 

power capacity by 100,000 mega-

watts. The maximum-voltage 

power lines transport the power at 

800 kilovolts. In order to guarantee 

the security and reliability of supply, 

the government is investing 

 heavily in the construction of new 

power plants. Coal-fired power 

plants are used predominantly to 

generate power. Hydroelectric 

power is in second place. Other 

renewable energies have only 

been used to a very small extent 

since the turn of the millennium. 

In 2005, the installed power 

capacity in India was 138 giga-

watts, and around 745 terawatt 

hours were generated. �


